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Abstract. We present work on the N -N and 7 Li systems th at is relevant to th e internationa l effort to re-evaluate th e neutron standard cross sections . T he R-matrix analysis of the N -N system also determined th e n-p capture cross section for use in BB N modeling of lifht-element abundances in the early universe with an uncertainty of less than 2 .5 % . Th e R -matrix results for the 6Li(n,t) He cross section agree qualitatively with a microscopic RRGM calculation that uses semi-realistic N-N potentials . However, they disagree with some cross-section measurements for the reaction, an d with ano ther eval uation .
INTRODUCTIO N
As part of the IAEA-sponsored Coordinated Research Project to improve the standard neutron cross sections, we have undertaken a study of the A =2, 4, 7, and 11 systems, using phenomenological R-matrix fitting of experimental data, and theoretical calculations of these systems with realistic and semi-realistic nuclear forces (both two-nucleon and three-nucleon), using the Refined Resonating Group Model (RRGM) . The R-matrix calculations have been performed using the Los Alamos Energy Dependent Analysis code, EDA . Results will be given here only for the R-matrix analysis of the N -N system, and for both approaches to the 7 Li system . Results for the 4He system are given by HMIH in another presentation at this conference, and those from the 1 1B R-matrix analysis were not available at the time of the conference.
N-N ANALYSI S
An R-matrix analysis of N -N scattering data has been ongoing at Los Alamos for several years that uses a relativistic form of the R matrix having poles in the invariant s-variable, which reduces nonrelativistically to the familiar one with poles in the c .m . energy. Charge independence is imposed by constraining the reducedwidth amplitudes in the isospin-1 n -p levels to be the same as those in the p -p levels . Internal Coulomb differences between the p -p and n -p systems are taken into account approximately by allowing a single energy shift of the p -p energy levels relative to the isospin-l n -p levels . This simple Coulomb-corrected, charge-independent model fits a data set of more than 5000 points, at laboratory energies up to 30 MeV, with a x2 per degree of freedom of 0 .83 .
Because of its importance for Big Bang Nucleosynthesis (BBN), we recently added information about n + p capture and y+ d photodisintegration to the analysis. The fits for these cross sections are shown in Fig . 1 . The treatment of photon channels differs somewhat in this analysis from the usual one, leading to a different penetrability behavior for the electric states, in particular, that was advantageous for fitting the shape of the El peak in the deuteron photodisintegration cross section shown on the right side of the figure . The calculated capture cross section, shown as the solid line on the left side of the figure, is estimated to be uncertain by no more than 2 .5 % in the region of interest for BBN .
Of specific interest for standards, however, are the n -p total cross sections and angular distributions . Figure 2 shows ratios of the proposed version VII ENDF/B cross sections to those of version VI for the total cross section on the left, and for the proton forward-scattering cross section on the right. The deviation of the total cross section varies between about -0.3 % and +0 .5 %, which seems reasonable . The deviation of the zero-degree lab proton cross section becomes as large as -2 .5 % at 10 MeV, however. This is due to having a new shape measurement [1] of the n-p angular distribution at 10 MeV, and to corrections of earlier data at 14 MeV. The proposed angular distributions are less backward-peaked for neutrons (or forward-peaked for protons) than before, in the direction of the shapes obtained for ENDFB-V . 
The 7 Li analysis contains measurements for the reactions possible among the channels t+4He, n+6Li and n+d -a . This includes more than 3500 data points for lab triton energies up to 14 MeV and neutron energies up to 4 MeV. The fits to the t-{-a elastic scattering data are especially good, although this reaction accounts for more than half the total chi-square of the fit due to the small experimental data uncertainties . Overall, the x2 per degree of freedom of the fit is 3 .34. Figure 3 shows the fit to the 6Li(n,t)4He cross section, compared with measurements from Macklin [3] and from Drosg [4] . These data are shown because they are relatively recent, and are among the few that give the energy dependence of the cross section over the 240-keV (5/2-) resonance, as well as in the region of a secondary (3/2-) structure near 2 MeV. The Macklin data are ratios to 235U(n, f), which have been converted using the proposed standard cross section for this reaction . As indicated on the figure, the calculated thermal cross section for 6Li(n,t)4He is 938 b. 
FIGURE 3. Cross sections for 6Li(n,t).
6 Li (n,t)4He C ro ss Sectio n Figure 4 shows the decomposition of the 6Li(n,t)4He cross section according to P . One sees that the 1/2+ S-wave transition dominates the low-energy region, and that the 3/2+ has an interference minimum at 1 .8 MeV. The P-wave transitions are ordered according to L -S splitting, with 5/2-lowest, followed by 3/2-and 1/2-.
A similar plot from the RRGM calculation of the 7Li system using semi-realistic potentials is shown in Figure  5 . The resonances from this calculation are generally too broad, and not always in the right positions, but they are in qualitative agreement with the R-matrix fit to the experimental data . In particular, the ordering of the different J" contributions is the same, with roughly the same relative magnitudes . Noteworthy is the presence of the interference minimum in the 3/2+ contribution, as was found in the R-matrix calculation . This behavior, which the R-matrix fit found necessary in order to describe correctly the 6Li(n,t) angular distributions above the 5/2r esonance, has a straightforward explanation from the microscopic point of view, which will be given in the next section . 
DISCUSSION
Although it would be trivial to calculate with the RRGM results for the N -N system with the realistic N -N interactions that are used for A< 5, the comparisons were not done for A = 2 because of the importance of meson-exchange current corrections ( MECC) for the neutron capture reaction . Other calculations using the°L same potentials (e.g ., AV 18) that make the MECC agree with the present R-matrix calculations to within about 1% . The capture cross section was determined directly from the measurements with an uncertainty of less than 2 .5 %, which is less than half the experimental error of the most recent measurements . The 7 Li RRGM calculation with semi-realistic forces gives partial cross sections for the 6Li(n,t) reaction qualitatively similar to those from the R-matrix analysis, and also accounts for a rather unusual behavior of the R-matrix amplitudes . The interference minimum in the 3/2+ S-wave transition is accompanied by a change of sign in the phase that was necessary in the R-matrix fit in order that the 6Li(n,t) angular distributions remain forward peaked at energies above the 5/2-resonance, as indicated by the experimental data . In the RRGM calculations, this effect can be understood as interference between a predominantly S-wave component in the entrance channel coming at low energies from the tensor forces in the potential, and a predominantly D-wave component at higher energies coming from the central forces . In the R-matrix fit, this is represented by two levels, the lower one being predominantly 4S(n), and the upper one being predominantly 2 D(t) .
The 7 Li R-matrix fit gives good representations of the best-determined experimental data in the system. These include the t + a elastic scattering data of Jarmie et al . [2] , and the 6Li(n,t) cross-section measurements of Macklin [3] and of Drosg [4] , shown in Fig . 3 . These last two data sets are important because they connect the shape of the cross section in the region over the 240-keV resonance to that above it over the secondary peak around 2 MeV. The prominence of this latter structure is consistent with strong absorption in the ZP3 /2 t -a phase shift, as required by the high precision of the t-a scattering data. Such an energy dependence of the 6Li(n,t) cross section in the MeV region does not show up in many of the measurements, or even in other recent evaluations (see the contribution of Chen et al .
[abstract #164] to this conference) . It is therefore a prime candidate for further measurements in this energy range .
CONCLUSIO N
The N -N R-matri x analysis gives an excellent description of the n -p sca ttering observables at energies below 30 MeV, with xz per datum = 0 .74 . The n + p capture cross section is also in very good agreement with earlier and more recent measurements, and is determined with an unce rtainty of less than 2 . 5 % in the range of interest to BBN . Changes in the n -p scatt ering cross sections relative to ENDFB-VI are of the order of ±0 .4% for the total cross section and as large as -2 .5 % at 10 MeV for the proton forward-scattering cross section . These changes will impact especially the standard fission crosssection measurements made with proton telescopes . The n -p cross-section evaluation needs to be extended to energies up to 200 MeV in order to convert the mediumenergy fission cross section measurements that have been made relative to hydrogen.
The fits from the 7 Li system R-matrix analysis are quite good in the standards region, especially for the high-precision measurements of t -a scattering and 6Li(n,t) cross sections . They are also qualitatively sirnilar to the results of the RRGM calculations with semirealistic potentials . However, these results do not agree with all the 6Li(n,t) measurements, and they disagree with the analysis of Chen et al on the position of the 5/2-resonance and the nature of the structure at higher energies enough to create differences that are unacceptably large for a standard cross section . These differences will need to be resolved by the CRP group doing the standards evaluation . Clearly, new measurements of the 6Li(n,t) cross sections and angular distributions in the energy range from a few 10's of keV's up to several MeV's would be of great value to help resolve these questions .
